The advent of embryo transfer has allowed horses to continue to train and compete during the breeding season. However, the associated stress of exercise may be detrimental to reproduction. The objectives of this study were to evaluate differing exercise protocols on reproductive blood fl ow and embryonic outcomes in mares. Light-horse mares were randomized into control (n = 4), partial-exercised (n = 6), and full-exercised (n = 6) groups. Partial-exercised mares were moderately exercised 30 min daily during the periovulatory period and rested after ovulation for 7 d. Full-exercised mares were exercised for 30 min daily throughout the reproductive cycle. Mares were artifi cially inseminated during estrus and subjected to uterine fl ush for embryo recovery on d 7 post ovulation. Blood fl ow through both ovarian arteries and vascular perfusion of the wall of the preovulatory follicle were examined by color Doppler ultrasonography. Results indicated exercise induced greater serum cortisol concentrations (P < 0.05). Embryo recovery rates were reduced in exercised (20/46, 43%) compared with control (14/21, 67%) mares (P < 0.10). When examined separately, embryo recovery rates for partial-exercised (11/25, 44%) and full-exercised (9/21, 43%) mares were not signifi cantly different. Additionally, fewer quality Grade 1 embryos were recovered from partial-exercised mares compared with both control and full-exercised mares (P < 0.05). Blood fl ow through both ovarian arteries was greater in both exercised groups in the days leading up to ovulation (P < 0.05). However, vascular perfusion of the wall of the preovulatory follicle on the day before ovulation was less in both partial-exercised (45.9 ± 3.0%) and fullexercised (44.8 ± 3.4%) mares vs. control (54.9 ± 3.6%; P < 0.05). In exercised mares, vascular perfusion of the follicle wall was greater when an embryo was recovered (P < 0.01). No differences were found in follicle ovulatory diameter among exercised and non-exercised mares. When groups were combined, follicle diameter was greater when an embryo was recovered (44.9 ± 1.0 mm) compared with an unsuccessful embryo recovery attempt (42.8 ± 0.7 mm; P < 0.05). In conclusion, these data demonstrated that exercise increased ovarian arterial blood fl ow leading up to ovulation and decreased vascular perfusion of the wall of the preovulatory follicle. Mares given rest the day after ovulation up until an embryo collection attempt did not improve embryo recovery rates.
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INTRODUCTION
The effects of exercise on mare fecundity are of interest to the equine industry, as mares undergo imposed physical activity such as competition or pleasure riding during the breeding season. The acceptance of many equine breed organizations allowing multiple foal registries per mare per year has led to increased use of embryo transfer, allowing mares to continue to train and compete during the breeding season without the hindrance of pregnancy (Squires et al., 2003) . Evidence supports that sustained physical activity is detrimental to both embryo recovery rate and quality in mares (Mortensen et al., 2009) . Furthermore, the examination of blood fl ow to reproductive tissues has gained traction in reproductive studies involving livestock animals due to the increased availability and affordability of Doppler ultrasound tech-nologies. Angiogenesis (Redmer and Reynolds, 1996) and blood fl ow to the ovary (Silva et al., 2006; Siddiqui et al., 2009) appear to be critical to follicular development and oocyte and embryonic developmental competence. Yet, the infl uence of exercise-induced stress on reproductive blood fl ow in any species remains elusive.
Our objectives were 2-fold: fi rst, to characterize ovarian arterial blood fl ow and vascular perfusion of the wall of the preovulatory follicle in exercised mares and measure embryo recovery rates and, second, to introduce a partial-exercised treatment during the periovulatory period to mitigate any detrimental infl uences exercise may have on early embryonic survival. It is commonly thought that the early embryonic developmental period, before the maternal-zygotic transition, is the reproductive stage most sensitive to stress (Al Katanani and Hansen, 2002) . Therefore, our hypothesis was that exercise during the periovulatory period only, followed by rest post ovulation, would diminish any detrimental infl uences on early embryonic development compared to mares exercised over multiple reproductive cycles.
MATERIALS AND METHODS
Animal use was approved by the Clemson University Institutional Animal Care and Use Committee using guidelines set forth by the Federation of Animal Science Societies.
Experimental Animals
Sixteen light-horse mares with previous training experience, aged 2 to 16 yr, were used. Before the experiment, mares were monitored via ultrasound exam and were observed to be cycling normally with no signs of uterine disease. Mares were blocked by age and parity then randomly assigned to treatment group: control (n = 4), partial-exercised (n = 6), or full-exercised (n = 6). Animals were maintained at 4 to 6 animals per 5-acre pasture and had ad libitum access to hay and water. Diets were supplemented with 11% CP concentrate (Reliance, Southern States Coop, Inc., Richmond, VA) according to the NRC (2007) recommendations for brood mares, and horses under moderate intensity work. Body condition (Henneke et al., 1983) was scored weekly and any horses under a BCS score of 5 were then supplemented with a 14% CP and 14% crude fat concentrate (Equine Athlete, Purina Mills, Gray Summit, MO) to increase and maintain condition.
To measure serum cortisol concentrations, blood samples (7 mL) were obtained via jugular venipuncture on all mares immediately before exercise and 30 min after completion of exercise for the fi rst (May) and fi nal (August) cycles. Samples were centrifuged (4,000 ×g for 10 min at 25°C) and decanted; serum was stored at −20°C until analysis. Cortisol concentrations were determined by procedures described by Ginther et al. (2007) and analyzed in duplicate using a solid-phase RIA kit using antibody-coated tubes and 125 I-labeled cortisol (Coat-ACount Cortisol, Siemens Medical Solutions, Los Angeles, CA). The intra-and inter-assay CV were 6.1% and 4.5%, respectively.
Exercise Protocol
Mares in the partial-exercised and full-exercised groups were given a 3-wk training period where they were exercised daily for 30 min to acclimate them to the exercise protocol. All mares were then administered PG (PGF2α; Lutalyse, Pfi zer, New York, NY) 10 mg intramuscularly (i.m.) at the initiation of the trial during the luteal phase to induce luteolysis. Both exercised groups began their prescribed exercise protocol the day after PGF2α administration. Partial-exercised mares were exercised the day after an embryo collection attempt; exercise continued until the day of detected ovulation. Full-exercised mares were exercised throughout the duration of the experiment. Animals remained in their assigned group and were observed over multiple cycles to observe any acclimation to exercise or infl uences on repetitive embryo recovery attempts. Mares from all groups were moved to the vicinity of the exercise area daily. Exercise was imposed beginning at 1300 h with the use of an 18-m diameter free-fl ow exerciser (Trojan Manufacturing, Wichita Falls, Texas) . Exercise consisted of a 30 min moderate-intense exercise period (range 9 to 13 m/s), followed by a 30-min cool down period (3 m/s). Rectal temperatures for all mares were taken before, immediately after the exercise period, and 30 min post-exercise. This daily exercise was in addition to any other physical activity the mares may have conducted on their own.
Color Doppler Ultrasonography
Transrectal examinations of follicular growth, subsequent ovulation and ovarian arterial blood fl ow measurements began at the initiation of the trial and were conducted between 0800 and 1100 h daily for all mares. A digital color Doppler ultrasound with a 10-5 MHz broadband 52-mm linear probe (Micromaxx, Sonosite, Bothell, WA) was used for all examinations by a single operator blind to treatment. Mares were monitored every other day by ultrasound examination after an embryo collection attempt. When at least 1 follicle achieved a diameter ≥ 35mm, mares underwent ultrasound examination daily to measure follicular growth until detected ovulation.
Spectral-Doppler measurements of both ovarian arter-ies were calculated by the algorithm package in the Micromaxx ultrasound. Ovarian arteries were identifi ed as described by Ginther (2007) . The sample cursor gate was set at 1 mm and at a magnifi cation depth of 7.7 cm. The pulsatility index [PI; (peak systolic velocity -end diastolic velocity)/(time-averaged maximum velocity; TAMV)] was measured for both ovarian arteries, and values reported. A retrospective analysis was conducted on the ovarian arteries identifi ed as either ipsilateral or contralateral to the ovulatory ovary. The PI values are reported as indices. Similar to the methods described by both Silva et al. (2006) and Siddiqui et al. (2009) , the angle cursor in relation to the direction of blood fl ow in the ovarian arteries (insonation angle) was unknown; thus PI provided relative rather than actual velocity measurements. A reciprocal relationship exists between these indices and ovarian blood fl ow; an increase in PI indicates a decrease in blood fl ow through the examined vessel. The setting for the range of fl ow-velocity was adjusted to clearly visualize the spectral graph, and a Doppler spectrum with at least 2 uniform cardiac cycles was generated, with 1 of the cycles used for spectral measurements. This was repeated, and the mean of the 2 measurements was used for statistical analysis. Vascular perfusion surrounding the wall of the 2 largest follicles was observed and recorded using the colorDoppler mode of the Micromaxx ultrasound with a constant color-gain setting. Imaging of the entire follicle was accomplished by a slow continuous scanning motion repeated several times. Similar to the methods described by Silva et al. (2006) still images of maximum vascular perfusion of the wall of the preovulatory follicle the day before detected ovulation were uploaded into imaging software (Adobe Photoshop, San Jose, CA) and converted into black and white images. The perimeter of the image showing maximum capture vascular blood fl ow pulsation was partitioned into a 32-sectioned grid, with each slice representing 11.25° of the circle, using imaging software (Adobe Photoshop). The center of the radial grid was aligned to the center of the follicle and the slices containing blood pulsation, indicated by color, were counted. The number of slices containing blood fl ow pulsation was then used to determine the percent vascular perfusion of the wall of the preovulatory follicle: percent perfusion = (slices with blood fl ow pulsation/total number of slices) × 100 ( Figure 1 ).
Embryo Collection and Evaluation
Once a follicle ≥35 mm, uterine edema, and an open cervix were observed, mares were artifi cially inseminated with 500 million live motile sperm cells from a proven stallion every other day until detected ovulation. Semen was extended to 20 mL using a commercial semen extender (E-Z Mixin OF, Animal Reproduction Systems, Chino, CA). Mares were allowed to ovulate spontaneously. Sperm cell concentration was determined using a 591B Equine Densimeter (Animal Reproduction Systems) and motility analyzed by video microscope (Animal Reproduction Systems).
Non-surgical embryo collection by uterine lavage was Figure 1 . Image of vascular perfusion surrounding a preovulatory follicle that resulted in successful embryo recovery (a) from a control mare (81% perfusion) compared with an image (b) from an exercised mare that did not result in successful embryo recovery (21% perfusion). White areas (highlighted by white arrows) represent blood fl ow pulsation captured by color Doppler ultrasonography; percentage vascular perfusion was determined using a designated 32-area grid.
performed on d 7 post-ovulation as previously described (Mortensen et al., 2009) . Briefl y, uteri of the mares were infused with 600 mL of fl ush media (EquiPro Recovery Media, MiniTibe, Verona, WI) 3 times, with rectal palpation in between each infusion to manipulate media into both uterine horns. Effl uent was collected into a 75-μm fi lter (MiniFlush Filter, Minitube). After an embryo collection attempt, mares were administered PGF2α 10 mg i.m to induce luteolysis and prevent pregnancy in case of a missed embryo. Effl uent collected was searched at 20× magnifi cation under a stereomicroscope for presence of an embryo. Once detected, embryos were assessed for quality grade as described by Vanderwall (1996) by 2 separate observers blind to treatment, and a mean embryo quality was agreed upon by both observers.
Statistical Analyses
Serum cortisol and blood fl ow statistics were analyzed by MIXED procedures with a repeated measures statement to determine main effects of treatment, day, cycle, and interactions (SAS Inst. Inc., Cary, NC). A random statement was used to account for variability of animals within group, cycle by animals within group, and day by animals within group. Embryo recovery rates among groups were analyzed by χ 2 (SAS). Follicle diameter the day before ovulation, days from PGF2α administration to ovulation, percentage vascular perfusion of the wall of the preovulatory follicle and embryo quality scores were analyzed by Student's t-test (SAS). A probability of P ≤ 0.05 indicated that a difference was signifi cant. Data are presented as mean ± SEM.
RESULTS

Animal Response to Exercise
Environmental temperatures during the exercise period (1300 to 1500 h) over the course of the study ranged from 25.3 to 30.8°C with 50 to 53% humidity. The mean rectal temperature for all mares before exercise was 37.6 ± 0.1°C. Immediately after exercise, mean rectal temperature increased in both partial-exercised (38.6 ± 0.2°C) and full-exercised (38.7 ± 0.1°C) mares (P < 0.05). After the 30-min cool down period, rectal temperature decreased in both partial-exercised (38.1 ± 0.3°C) and full-exercised (38.2 ± 0.2°C) mares (P < 0.05). Rectal temperatures of control mares did not change (P = 0.40) during any observable time point. Heart rates 5 min post-exercise did not differ between exercise groups with partial-exercised mares having 59.8 ± 1.6 beats per minute (bpm) and full-exercised mares 60.2 ± 1.4 bpm; however, both were greater than control mares at 43.3 ± 1.4 bpm (P < 0.001). Resting heart rates did not differ among groups with control at 43.3 ± 1.2 bpm, partial exercise at 42.3 ± 1.3 bpm, and full-exercised mares at 43.6 ± 1.1 bpm.
Serum cortisol concentrations were measured during the periovulatory period in all groups to evaluate the stress response to exercise (Figure 2 ). No differences were found in pre-exercise cortisol concentrations at any measured time point. However, 30-min post-exercise cortisol was greater in both exercised groups (P < 0.05). Between the fi rst and fi nal cycle evaluated, pre-and 30-min post-exercise cortisol concentrations were lesser in mares from all 3 groups (P < 0.01).
Reproductive Performance
Uterine fl ushes (n = 67) for embryo collection were performed and results are presented in Table 1 . Stallion semen quality did not differ (P > 0.05) over the course of the study, producing suffi cient motile sperm cells for AI. At minimum, 1 embryo was recovered from each mare on the trial and no mares showed signs of uterine infl ammation after breeding or after repetitive embryo collection attempts. No differences (P = 0.40) were found between embryo recovery rates and exercised groups. When embryo collection data were combined for exercised mares, embryo recovery tended to be reduced compared with control mares (P = 0.07). Smaller proportions of quality Grade 1 embryos were recovered in the partial-exercised group (Figure 3 ; P < 0.05). No differences (P > 0.05) in cycle, individual mare, or any interactions were found. When evaluating embryo recovery rates for the fi rst 2 cycles and compared with the Table 1 . Embryo recovery rate and embryo quality score distribution among non-exercised (Control; n = 4) mares, those mares exercised only during the immediate periovulatory period (Partial Exercise; n = 6) and mares exercised throughout the duration of the study (Full Exercise; n = 6). later 2 cycles, no differences were found (63% vs. 52%, respectively; P = 0.25).
For all observable cycles, the interval from PGF2α administration on d 7 after ovulation (the day of uterine fl ush) to subsequent ovulation was not different (P = 0.17) among groups. Control mares had an interval of 9.0 ± 0.3 d, partial-exercised mares 8.2 ± 0.3 d, and fullexercised mares 8.5 ± 0.3 d. No overall group differences were observed (P = 0.29) in the mean follicular diameter the day before detected ovulation. Control mares had a similar preovulatory follicular diameter (44.4 ± 1.1 mm) compared with partial-exercised mares (42.8 ± 1.0 mm; P = 0.12) and full-exercised mares (45 ± 1.2 mm; P = 0.37). When examining follicle diameter the day before ovulation per cycle, follicle diameter was greater when an embryo was recovered (44.9 ± 1.0 mm) compared with smaller follicles (42.8 ± 0.7 mm; P < 0.05) that resulted in no embryo recovered. There were no differences (P = 0.40)in breeding attempts per mare per cycle among groups. However, when data were combined, an embryo was recovered with greater breeding attempts per cycle (2.44 ± 0.2) compared with breeding attempts that resulted in no embryo recovered (2.03 ± 0.1; P < 0.05).
Ovarian Blood Flow
During rest, ovarian arterial blood fl ow was analyzed by Doppler ultrasonography for all cycles (n = 67) that resulted in an embryo collection attempt and reported as PI (Figure 4 ). Retrospective analyses after ovulation identifi ed the arteries as either being ipsilateral or contralateral to the ovary of ovulation, and are defi ned as the ovulatory ovary and non-ovulatory ovary, respectively. Differences were found among ovarian blood fl ow indices between the ovulatory and non-ovulatory ovary (P < 0.05), therefore each were analyzed separately. An overall treatment difference was observed among groups (P < 0.05). The ovarian blood fl ow of full-exercised mares (1.9 ± 0.1) did not differ from partial-exercised mares (2.3 ± 0.2; P = 0.34). However, both exercised groups had greater ovarian blood fl ow (decreased PI indices) compared with control mares (3.1 ± 0.1; P < 0.05). Differences among groups were also found in the artery leading to the nonovulatory ovary (P < 0.05). No cycle differences were observed in either artery in any group (P = 0.26).
Unlike the increased ovarian arterial blood fl ow, vascular perfusion of the wall of the preovulatory follicle the day before detected ovulation was decreased in both exercised groups. Of all combined cycles, control mares had a greater mean vascular perfusion of the wall of the preovulatory follicle (54.9 ± 3.6%) in comparison with partialexercised mares (45.9 ± 3.6%) and full-exercised mares (44.8 ± 3.1%; P < 0.05). Vascular perfusion of the wall of the preovulatory follicle for partial-exercised mares was 55.9 ± 5.4% when an embryo was recovered, compared with a decreased percentage (39.6 ± 3.6%) when no embryo was recovered ( Figure 5 ; P < 0.01). This difference was also observed in full-exercised mares with 51.9 ± 4.2% perfusion when an embryo was recovered, compared with 39.5 ± 2.4% when no embryo was recovered (P < 0.01). No differences in vascular perfusion of the wall of the preovulatory follicle were detected between earlier cycles (May) than later cycles (August) in any group (P = 0.18). (Post) for the (a) fi rst and (b) fourth cycles of mares not exercised (control; n = 4), mares exercised only during the immediate periovulatory period (partial exercised; n = 6), and mares exercised for the duration of the study (full exercised; n = 6). a,b Within cycle and group, means without a common superscript differ (P < 0.05) as determined by SAS MIXED procedures. 
DISCUSSION
The present study demonstrated that 30 min of moderate exercise signifi cantly increased serum cortisol concentrations, tended to decrease embryo recovery rates, and reduced vascular perfusion of the wall of the preovulatory follicle. When mares were given rest and not exercised during the early embryonic development period, embryo recovery rates did not improve and were similar to mares exercised throughout their cycle. During rest, ovarian arterial blood fl ow was greater on the days leading up to ovulation in exercised mares. Furthermore, our results indicated that greater vascular perfusion of the wall of the preovulatory follicle in exercised mares and larger follicle diameters among groups were both predictors of embryo recovery success.
Exercise is known to increase cortisol concentrations in both humans (Kalantaridou et al., 2004) and horses (McKeever, 2002) ; however, the magnitude of the cortisol response is dependent on exercise intensity and duration. Exercise intensity in this study was classifi ed as moderate and cortisol concentrations reported here were similar to those reported (range: 3 to 6 μg/dL) in our laboratory (Kelley et al., 2011) and other studies (Marc et al., 2000) examining moderate-intense exercise on horses. These cortisol concentrations did not peak at concentrations (>7 μg/dL) observed for horses undergoing intense, exhaustive exercise (Marc et al., 2000; Gordon et al., 2007) . Another infl uence on exercise-induced cortisol concentrations is ambient temperature and humidity. Williams et al. (2002) reported horses exercised under hot and humid conditions have a greater cortisol response (> 10 μg/dL) compared with those under milder, less humid conditions (5 to 7 μg/dL). The cortisol concentrations in this study were similar to the horses exercised under milder conditions in the aforementioned study. The cortisol increases 30 min post exercise were almost 50% less in both exercise groups in the fi nal cycle compared with the fi rst cycle. Interestingly, no differences in embryo quantity or quality among cycles in any group were observed. However, there appears to be evidence that cortisol seasonally fl uctuates in mares with greater concentrations during peak fertile months (May) compared with later in the breeding season (August; Fazio et al., 2009 ). The results of decreased cortisol concentrations in the fi nal cycle compared with fi rst cycle among groups could have also refl ected this change over the months of this study (May to August) or be due to acclimation of the mares to the stress of repetitive ultrasound examinations.
Embryo recovery rates and embryo quality were decreased in exercised mares compared with control mares. These results are in agreement with other re- . Mean (± SEM) percentage vascular perfusion of the preovulatory follicle for mares not exercised (control; n = 4), mares exercised only during the immediate periovulatory period (partial exercised; n = 6) and mares exercised for the duration of the study (full exercised; n = 6) linked to an embryo recovery attempt. Total cycles analyzed were: control mares no embryo recovered (n = 7), embryo recovered (n = 14); partial-exercised mares no embryo recovered (n = 14), embryo recovered (n = 11); and fullexercised mares no embryo recovered (n = 12) and embryo recovered (n = 9). abWithin columns, means without a common superscript differ (P < 0.05) as determined by MIXED procedures (SAS Inst. Inc., Cary NC).
search showing physical activity suppressed embryo recovery rates in mares (Sertich, 1989; Mortensen et al., 2009) . Our report differs slightly than that of Mortensen et al. (2009) who reported an almost 50% reduction in embryo recovery rate in mares moderately-exercised throughout their reproductive cycle under hot and humid conditions. However, the exercised mares in that study experienced an almost 1°C greater rectal temperature after exercise compared with these results. Mares from this study were potentially not as thermally challenged and this could possibly explain these differences as it is generally accepted that heat stress is detrimental to reproductive processes and embryo survival (Hansen et al., 2001) . In fact, heat stress in cattle during the periovulatory and fertilization period has been shown to retard embryonic development and lead to lower quality embryos (Putney et al., 1989) , similar to these results. However, the exact mechanism of reduced embryo recovery rates and embryo quality in this study cannot be distinguished between exercise-induced stress and any potential heat stress due to exercise.
To potentially diminish exercise infl uences on early equine embryonic development, we introduced a partial exercise regime. Mares were exercised only during the periovulatory phase immediately after PGF2a administration (mean 8.2 ± 0.3 d), and given rest (7 d) during the early embryonic development period after ovulation. As stated earlier, the early embryonic period before the maternal-zygotic transition (MZT) is thought to be the reproductive time period most sensitive to stress (Al Katanani and Hansen, 2002) ; as the genome of early mammalian embryos is suppressed and has a limited ability to respond to insult. In fact, numerous studies have documented the limited ability of the early embryo to respond to stress before MZT (Ealy et al., 1993; Edwards and Hansen, 1997; Rivera et al., 2003) . In horses, the MZT occurs between the 4 and 8 cell stage (Brinsko et al., 1995) .
Experimental application of heat stress during the early embryonic period in cattle has led to greater incidence of embryonic death (Ryan et al., 1992) and reduction in embryo quality (Putney et al., 1989) . Rivera et al. (2003) stated the hypersensitivity of the pre-implantation embryo to stress is a transient phenomenon. Ealy et al. (1995) suggested that increased embryonic heat tolerance in older bovine embryos may be the ability of the embryos to produce heat shock proteins after activation of the embryonic genome at the 8-to 16-cell stage, as heat shock proteins are believed to protect individual cells from damage. Therefore, we hypothesized that if mares were given rest after ovulation during the early embryonic period (pre-and post-MZT) we would observe greater embryo recovery rates with greater quality, compared with mares exercised throughout the reproductive cycle. However, we did not observe any differences in embryo recovery rates between either exercised groups. Surprisingly, fewer proportions of quality Grade 1 embryos were recovered in the partial-exercised group with the least embryo quality rating of any other group. These results are similar to those reported to heatstressed cows (Putney et al., 1989) and may indicate that exercise during the periovulatory and fertilization period is the most sensitive reproductive time period.
The increased ovarian blood fl ow leading up to ovulation across groups was anticipated and is similar to other reports in mares. The report of Bollwein et al. (2002) demonstrated ovarian arterial blood fl ow increased the day immediate to ovulation in mares. Our results demonstrated greater ovarian arterial blood fl ow in both exercised mare groups, compared with control, beginning d −3 to ovulation. Increased venous tone and increased vascular blood fl ow due to shear stress are both byproducts of exercise (Shephard and Balady, 1999; Tanaka et al., 2006) and could explain the greater ovarian arterial blood fl ow observed in our exercised mares. Although greater ovarian arterial blood fl ow did not result in greater embryo recovery rates in this study, and could be potentially due to sustained exercise during the fertilization period, it would be interesting to investigate increased vascular fi tness infl uences on female fertility. To our knowledge this is the fi rst study documenting improved ovarian arterial blood fl ow in the exercised female.
Contrast to the enhanced ovarian arterial blood fl ow, exercise was detrimental to vascular perfusion of the wall of the pre-ovulatory follicle. Results indicated that mares from both exercised groups had lower vascular perfusion of the pre-ovulatory follicle. Research has correlated greater vascular perfusion of the wall of the pre-ovulatory follicle with successful pregnancy in women (Chui et al., 1997; Coulam et al., 1999) , cattle (Siddiqui et al., 2009 ) and horses (Silva et al., 2006) . Therefore, the reduced vascular perfusion to the wall of the pre-ovulatory follicle in exercised mares may have been a contributing factor to decreased embryo recovery rates, and reduced embryo quality. Additionally, the current results are also unique in demonstrating a successful embryo recovery corresponded with greater vascular perfusion of the pre-ovulatory follicle wall. However this was only observed in the exercised mares and not in our control group. The difference could be due to the low sample size of unsuccessful embryo collections (n = 7) in the control group, and work should continue to clarify this relationship.
In conclusion, the present study demonstrated that exercise under the conditions of this study induced significant cortisol increases and was detrimental to equine embryo recovery rate and reduced vascular perfusion of the wall of the pre-ovulatory follicle. Furthermore, exercise only during the peri-ovulatory period was detrimental to equine embryo recovery rates and embryo quality, suggesting an intrafollicular effect. Interestingly, exercise did promote greater blood fl ow through both ovarian arteries leading to the ovulatory and non-ovulatory ovary. These results may have indicated in the mare that the periovulatory and fertilization periods are the most sensitive reproductive time periods to exercise, stress, or both.
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